• Gradual ambulation and weight bearing can be introduced if full weight bearing is not immediately tolerated.
RECOMMENDATIONS

Standards
The data are insufficient to support standardized treatment of all burn survivors with lower extremity grafts. The following guidelines, however, should be applied to burn survivors with isolated lower extremity burns who have undergone skin grafting or when medical needs associated with larger burns do not contraindicate the guidelines below.
Guidelines
• An early postoperative ambulation protocol should be initiated immediately, or as soon as possible, after lower extremity grafting unless any exclusion criteria are encountered.
• External compression must be applied before ambulation.
• If the graft crosses a joint, the joint should be immobilized continuously until the first dressing change.
rehabilitation of burn survivors. In addition, the recommended guidelines can be implemented by medical professionals who do not routinely treat burn patients at their facilities such as ambulatory care centers.
Clinical Problem
Immobilization and elevation of lower extremity grafts after debridement and grafting of deep partial-thickness or full-thickness burn injuries continue to be a common practice. In addition to the fact that evidence-based, broadly accepted practice guidelines do not exist, 2 the reasons for the continued immobilization of these grafts seems to be fear of graft failure or loss due to hematoma formation, shearing or lack of graft adherence, and tissue necrosis. [3] [4] [5] [6] [7] [8] [9] However, immobilization can lead to associated morbidity, such as decreased range of motion, reduced endurance, lack of independence in activities of daily living, deep vein thrombosis, pulmonary embolism, prolonged hospital stay, increased costs associated with length of stay, and in-hospital complications as well as inferior quality of life. 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] The objective of this review is to systematically evaluate the available evidence for early ambulation of burn survivors after lower extremity skin grafting procedures so that practice guidelines can be proposed that specifically outline required rehabilitation interventions.
PROCESS
The steps taken to develop the practice guidelines reported here are those outlined by Bowker et al. 23 These steps included the creation of a guideline development group, forging links with stakeholder groups, agreeing on the scope of the guidelines, formulating clinically relevant questions, searching the literature for evidence, appraising the evidence found, conducting a formal consensus study where evidence is lacking, and making practice recommendations. The guideline development group consisted of an international assembly of occupational and physical therapists from Australia, Canada, Ireland, and the United States with existing links to national and international stakeholder organizations. Communication in the group was conducted via a virtual classroom. The scope of the guidelines is limited to the PICO (population, intervention, condition, outcome) question: "When is it safe to ambulate burn survivors who have had lower extremity skin grafting performed?"
Search Strategy
A broad computerized search was conducted, with assistance from an academic librarian, in the following databases: MEDLINE, the Cumulative Index of Nursing and Allied Health Literature (CINAHL), and EMBASE from the earliest available date until August 2009. The specific search strategy for the MEDLINE database is described in Appendix A, with a similar or identical strategy being adapted for the other databases. Additional publications were retrieved by scanning reference lists in the articles reviewed.
Selection for Inclusion
As studies focusing on this clinical question were expected to be sparse, all study designs that provided original data on patients with lower extremity wounds that required grafting were selected. Examples of the cause of wounds included trauma, venous stasis ulcers, surgery (ie, cancer excision), burn injuries, and diabetic ulcers. Language was restricted to English and French, and only full-length articles were chosen, with reviews being excluded to allow the critical appraisal of original publications. An initial search identified 226 articles after duplicates were discarded. The title and abstract of each article were assessed and, ultimately, 22 articles were incorporated in the full review process.
Data Extraction and Analysis
All studies were systematically critiqued and scored, by at least two independent reviewers, drawing on the critical appraisal form designed by Law et al. 24 Fourteen items comprised in the scoring of this form relate to study purpose, literature review, study sample, outcomes, interventions, results, conclusions, and clinical implications. The two reviewers independently extracted details required to complete the critical appraisal form by employing the predefined format outlined by Bowker et al. 23 Each item was rated numerically as (1) for YES and (0) for NO. A total score was then calculated and compared with the second reviewer's results. If there were minor differences (62 points), the discrepancies were discussed by both reviewers until a consensus was reached. When larger differences occurred, a third reviewer was called upon to critique the article, and consensus among all three reviewers was achieved. After this process, six additional articles were removed because of insufficient data or because they did not address the authors' clinical question. Table 1 Table 2 presents the study characteristics of the 16 citations in detail. Four were randomized controlled trials (RCTs), 1 was a case-control study, and the remaining 11 were case series. The sample sizes of all studies ranged from 9 to 100. Sample sizes of the RCTs ranged from 44 to 75. The level of evidence was assigned according to the Oxford Centre for Evidence-Based Medicine Levels of Evidence. All studies in this review entailed some sort of elastic compression before ambulating the patients. The majority (56%) applied split-thickness meshed grafts or both split-thickness meshed grafts and split-thickness sheet grafts (25%). Three studies (19%) did not specify whether sheet or meshed grafts were used, but as they did not indicate whether the grafts were meshed, it must be assumed that the method in all of them was sheet grafting because of the year in which they were published.
RESULTS
Study Characteristics
Scientific Foundation
One of the first studies available in the literature questioning the value of bed rest after lower extremity skin grafting was by Bodenham and Watson in 1971. 3 The 25 study participants in that prospective case series ambulated within 24 to 48 hours of a grafting procedure performed after the excision of malignant melanomas. The authors' conclusion after evaluation of their wound healing times and length of stay was that early ambulation did not jeopardize skin graft take.
A study by Budny et al 26 focused specifically on elderly patients (average age 74.2 years). This prospective RCT comprised 56 participants. The authors' evaluation of graft take, length of stay, complications, and ease of activity demonstrated that there was no significant difference between those who were discharged the same day or the day after surgery and between those who ambulated immediately in comparison to participants who were confined to strict bed rest for 7 days.
A retrospective review by Burnsworth et al 11 examined 58 burn survivors who only had lower extremity burns and were encouraged to ambulate as soon as they recovered from the anesthetic. The average TBSA burned was 15.2% (range, 1-28%), and the TBSA grafted was 4.1% (range, 1-13%). Average skin graft take was judged to be 96% (range, 50-100%). The authors compared their retrospective data to survey data that they collected by questionnaires mailed out to North American burn centers. This comparison showed that the early ambulation group was able to ambulate more than 30 feet sooner (1.7 vs 7.2 days; P , .001), were discharged from hospital sooner postoperatively (6.9 vs 9.4 days; P , .01), and required a reduced overall length of stay (10.2 vs 12.6 days; P , .012). Although these findings were interesting, data comparison with their survey results was problematic as details of the survey were not included, patient characteristics were not provided, and it was not clear whether comparison was made only with those centers that delayed ambulation or all centers.
The study by Chilvers and Freeman 27 was the first to be cited in the literature advocating early ambulation after skin grafting. Although minimal details were provided, they reported that they followed 25 patients with skin grafts for the treatment of venous ulcers who were encouraged to ambulate immediately after surgery. Average healing time was 19 days (range, 11-33 days) with two immediate graft failures and two late graft failures.
In 1993, Cox and Griswold 12 studied a prospective case series of 39 burn survivors who had Unna's boot applied after split-thickness skin grafting procedures. Average patient age was 30 years, and average wound size was 284 cm2. Of their 39 patients, 25 had lower extremity burns and 6 had upper extremity burns with all but 3 procedures being performed on an outpatient basis. The patients with lower extremity burns were allowed to ambulate immediately. If the grafts crossed a joint, an orthosis was applied and the patients were restricted to partial weight bearing. Twenty-six patients had 100% graft take and five had minor graft loss, but as the authors did not present the results for lower and upper extremity grafts separately, it was impossible to determine whether graft loss was equally distributed between lower and upper extremity grafts.
Dean and Press 13 investigated a retrospective case series of 9 burn survivors with injuries distal to the knee. Their patients ranged in age from 3 to 68 years with wounds measuring from 100 to 300 cm2 and length of hospital stay averaging 0.9 days (range, 0-3 days). Unna's boot was applied and patients were encouraged to ambulate after it set. The authors reported an average graft take of 97%, but assessment spanned a 6-month time period.
In 1979, Gaze 14 studied a series of 30 patients with shin injuries, 14 of whom were prescribed bed rest and 16 of whom were allowed to walk to the washroom on the first postoperative day. Although there was very little substance to this report, the author did state that there was no difference in healing between the two groups.
Golden et al 15 were the first to investigate the early ambulation of burn survivors. Of the 10 patients whom they treated, 3 had sustained lower extremity burns. Their patients were encouraged to ambulate immediately after surgery, progressing to full weight bearing ambulation with a walking aid within 24 hours. Nine patients had 100% graft take, and one had 30 to 40% graft take. This patient was one of the burn survivors. Grube et al 16 studied the largest case series, all of whom were burn survivors. They retrospectively reviewed 100 patients treated with split-thickness skin grafts to the lower extremities who were encouraged to ambulate as early as 4 hours postoperatively. Mean patient age was 28.8 6 16.9 years (range, 1-72 years) with mean burn size of 3.6 6 4.4% TBSA (range, 1-20% TBSA). Mean time to ambulation was 1.0 6 1.0 days. Graft take was described as excellent (.95% graft take) in 86% of patients, satisfactory (85-94% graft take) in 10%, and 4% required regrafting. By postoperative day 3, 64% of the patients were discharged, and of the 43 patients for whom time to work resumption could be determined, the average time taken was 4.7 6 3 weeks.
Level of Evidence
In 1982, Harnar et al 6 described a series of 20 patients (14 burn survivors) and reported the results of a burn center early ambulation practice survey. In their patient series, 80% had graft take .90%, and 10% had graft take between 80 and 89%. One patient required regrafting. Their survey results indicated that 8% of units promoted early ambulation, 23% allowed ambulation at day 3, and 69% at day 5 after surgery.
Shankar and Khoo 6 reported a case series of 25 patients with pretibial wounds whose average age was 75 years (range, 48-95 years). Twenty-three of these 25 patients had 100% initial graft take with the remaining 2 patients healing within 3 weeks.
Sharpe et al 7 studied a series of 60 patients with pretibial lacerations, of whom 11 had sheet grafts and the remainder meshed grafts. All patients were allowed to ambulate immediately. Of the patients with meshed grafts, 10% had some graft loss compared with 27% of those with sheet grafts.
Tallon et al 20 conducted a RCT where patients after skin cancer excisions were randomized to either ambulation 2 or 7 days after grafting. No difference in graft loss, infection, bleeding, or number of follow-up visits (a surrogate measure of time to healing) was apparent. As there was no difference in outcomes between the two groups, the authors concluded that early ambulation did not impede graft take. May/June 2012 Wallenberg 8 performed a RCT in which 50 participants were allocated to either ambulation the day after surgery with a graduated increase over 3 days in time spent standing or bed rest for 4 days. Wound healing was assessed at 2 weeks with no significant difference between the early vs late ambulation groups (80 vs 88% of patients had primarily healed wounds at 2 weeks). Graft take was unsuccessful in three participants from each group.
Wells et al 22 conducted a retrospective, case-controlled evaluation of length of hospital stay and graft viability among 13 burn survivors who ambulated immediately postoperatively compared with historical controls. Average wound size was 131 cm2 (range, 25-300 cm2). Unna's boot was applied in the early ambulation group as opposed to application of occlusive burn gauze in the historical group. The historical controls were matched with respect to age (mean age 32 years) and burn size, with burn injury being restricted to the foot and ankle in both groups. There was no significant difference in graft take, but length of hospital stay was significantly reduced (1.4 vs 12.9 days; P , .001) between groups. It was estimated that early ambulation and discharge saved approximately $10,350 (1995 CAD$)/per patient.
Wood and Lees 9 undertook a prospective RCT of patients with pretibial wounds who were ambulated from the 1st and 10th postoperative days. Average age of the participants was 74.3 years in the early ambulation group and 73.2 years in the late ambulation group. Mean time to complete healing of the grafts (26.5 days for early ambulation and 26.1 days for late ambulation) and donor sites (14.8 days for early ambulation and 15.3 days for late ambulation) was similar. Wound healing was significantly delayed (P , .02) in participants who were taking or who had previously taken oral steroids.
An interesting study not included in the final list of articles that were formally critiqued was a systematic review that asked the question whether there was "evidence of benefit or harm for bed rest for any indication." 10 This article was excluded because of the fact that it did not contain original data, and many of the studies cited in it were not related to skin grafting procedures. Interestingly, however, the authors concluded that there was little support for bed rest as a form of management under virtually any condition, which was consistent with the literature specifically investigating bed rest after skin grafting.
Consensus Exercise
The rehabilitation-specific information within citations was considered inadequate, although it stated that elastic compression was required before ambulation postoperatively and that an orthosis should be applied if the graft crossed the ankle and/or knee joint. A consensus process was undertaken to elaborate the information contained in the literature. To provide occupational and physical therapists with adequate expert opinion-supported details-who had not been practicing early ambulation (defined as mobility immediately after recovery from anesthesia within 48 hours postoperatively)-a protocol was specifically devised to facilitate initiation of this treatment approach. Details were kept general in nature to allow for regional or institutional differences that will occur naturally, without interfering with the ultimate goal of initiating safe and successful early ambulation.
The consensus process included the following steps: 1) data extraction from the literature, 2) elaboration of a rehabilitation protocol and the development of an algorithm by the international practice guideline development group, 3) the rehabilitation protocol and algorithm were forwarded to international rehabilitation burn summit members 2 for review and their feedback (n 5 6) was incorporated, and 4) the revised rehabilitation protocol and algorithm were sent to rehabilitation committee members of the International Society for Burn Injuries and their feedback (n 5 7) was included. The final version of the rehabilitation protocol is presented in Table 3 with the corresponding algorithm appearing in Figure 1 .
DISCUSSION
The objective of this review was to systematically evaluate the available evidence for early ambulation of burn survivors after lower extremity skin grafting procedures so that practice guidelines could be proposed. Unfortunately, the number and quality of such evidence are lacking; thus, the decision was made to include all patient populations to strengthen the conclusions and recommendations. In addition, a consensus exercise was performed to produce expert opinion-based rehabilitation-specific recommendations.
The consistent finding in the literature is that early ambulation can be safely initiated after lower extremity skin grafting without compromising graft take if external compression is applied. If only the evidence in burn survivors is considered, the quality of these studies substantially limits the strength of the conclusion as no RCTs have been conducted. However, as no studies of any patient population have concluded that early ambulation compromises graft take, it seems reasonable to infer that the observations in higher level RCTs in nonburn survivor populations can be generalized to burn survivors.
However, many limitations in the literature should be addressed in future studies. The largest graft size investigated was 300 cm 2 ; thus, larger grafts need to be considered before recommendations beyond that graft size can be made. Details on plantar grafts are insufficient to determine whether they can also be safely included in an early ambulation protocol; thus, they have been excluded (Table 3) . Although there is a consensus that elastic compression is required, compression type and amount have not been examined; thus, two layers of elastic bandage are currently recommended until further research is conducted to clarify this issue. The entire literature discussed the application of compression immediately postoperatively but some authors advocated removing it at night. The timing of compression and the possibility of removing it at night need further investigation. One study 8 recommended graduated ambulation over a 3-day period. Further work is required to determine whether this is necessary or advantageous. Details contained in the rehabilitation protocol and algorithm are, for the most part, based on expert opinion only and Overriding social or psychiatric conditions. Medical status prohibiting mobilization. Plantar surface of the foot grafted. Prior to initiating ambulation:
Must apply external compression. Examples include support boot (eg, Unna's boot), two layers of tubular elastic bandage (eg, Tubigrip™), self-adhesive elastic wrap (eg, Coban™), two layers of figure of 8-wrapped, elastic bandage (eg, Ace™). If the graft crosses a joint (ankle or knee), a low-temperature thermoplastic or plaster orthosis should be applied to immobilize the joint and worn continuously. When treating children, the application of a plaster/fiberglass cast should be considered. The orthosis or cast should be discontinued at the first dressing change if the graft take is considered acceptable. Continuation of the positioning plan may be required to maintain range of motion (ROM), although the wearing schedule may be intermittent. Ambulation:
Should be encouraged immediately postoperatively, after recovery from anesthetic and after external support has been applied. Have patient begin by sitting at the edge of the bed and dangle feet for approximately 10 min. While sitting, assess for orthostatic hypotension (light-headedness). Also assess active ROM (if body surface not immobilized), pain, etc. of the extremity to ensure it is safe for ambulation. This determination must be based on the therapist's clinical judgment. If orthostatic hypotension occurs, use tilt table to increase tolerance for upright position. Proceed to standing if dangling is well tolerated. Assess for adequate standing balance. If unstable when standing, have the patient try walking with an appropriate walking aid, reducing to a less supportive aid or no assistive devices as soon as stability improves. Perform weight bearing as tolerated. Full weight bearing allowed (unless otherwise specified by surgeon for other reasons). If stable when standing, have patient try walking (therapist to determine if standby one-person assist or two-person assist or walking aid is most appropriate). If graft crosses the ankle, a rocker bottom boot may be worn. The orthosis or cast should be worn under the rocker boot if the rocker boot does not immobilize the ankle. If graft crosses the knee, patient may need a walking aid to ambulate with the orthosis. If graft take is considered acceptable when evaluated at days 5-7 postoperatively, walking aid may be discontinued at that time. Follow-up at 3-7 d for dressing change and wound evaluation. Patient instructed to elevate the affected extremity when not mobilizing. This should occur on a regular basis. Activities of daily living:
Gradually increase static standing time as tolerated. Return to normal activities as tolerated. Return to normal shower/bath as wound healing permits. Return to work or school recommendations should be based on individual patient work/school demands and circumstances. 28 of activity and participation should be included in future investigations. Given the fact that an informal survey of therapists who participated in the Occupational Therapy and Physical Therapy special interest group meeting at the 2009 American Burn Association Annual Meeting indicated that approximately 50% of the burn centers represented by these participants still do not routinely ambulate burn survivors with uncomplicated lower extremity grafts early, it seems that RCTs on this population need to be performed to convince burn survivor care providers that a change in practice is warranted. Finally, the burn survivor population-specific literature only includes small, uncomplicated burn injuries. There are occasions when burn survivors with large injuries could ambulate within 24 to 48 hours of skin grafting, but at the moment no literature has documented whether early ambulation is equally as safe for this population.
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